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Abstract 
Purpose 

To provide a technique that can control the angle of incidence of sputtering particles 
incident on a substrate. 

Solution means: 

Lines of magnetic force which exit from a magnetron magnet 7 and arrive at a substrate 5 
are increased, and an electron flow to the substrate 5 from a target 6 is formed, and sputtering 
particles with positive electric charge are drawn near to the direction toward the substrate 5. The 
angle of incidence of the sputtering particle onto the substrate is increased, and overhang around 
holes and bias of the film thickness on the bottom face are eliminated. If magnets are arranged on 
the back face of the substrate 5 or coil is wound in a flight path of the sputtering particles, the 
controllability is further improved. 




Claims 

1 . A sputtering apparatus, characterized by the fact that in a sputtering apparatus that has 
a vacuum tank, a target disposed in said vacuum tank, and magnetron magnets arranged on the 
back face of said target and can form a thin film on the surface over a substrate by disposing the 
above-mentioned substrate over the above-mentioned target so that they are opposite each other 
and sputtering the above-mentioned target, the above-mentioned magnetron magnets have a first 
magnet part with a ring shape and a second magnet part disposed in the vicinity of the center of 
the above-mentioned first magnet part in the above-mentioned first magnet part and the 
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above-mentioned second magnet part, magnetic poles with mutually different polarities are 
directed to the above-mentioned target; and the magnetic force of the above-mentioned first 
magnet part is twice or more as strong as the magnetic force of the above-mentioned second 
magnet part. 

2. The sputtering apparatus of Claim 1, characterized by the fact that third magnet part 
with a ring shape in which magnetic poles with a polarity different from that of the magnetic 
poles of the above-mentioned first magnet part directed to the above-mentioned target is arranged 
on the back face of the above-mentioned substrate. 

3. The sputtering apparatus of Claim 1 or 2, characterized by the fact that a coil is wound 
around a path in which sputtering particles ejected from the above-mentioned target arrive at the 
substrate; and a direct current is sent to said coil. 

4. A sputtering apparatus, characterized by the fact that in a sputtering apparatus that has 
a vacuum tank, a target disposed in said vacuum tank, and magnetron magnets arranged on the 
back face of said target and can form a thin film on the surface of a substrate by disposing the 
above-mentioned substrate over the above-mentioned target so that they are opposite each other 
and sputtering the above-mentioned target, the above-mentioned magnetron magnets have a first 
magnet part with a ring shape and a second magnet part disposed in the vicinity of the center of 
the above-mentioned first magnet part; in the above-mentioned first magnet part and the 
above-mentioned second magnet part, magnetic poles with mutually different polarities are 
directed to the above-mentioned target; and a third magnet part with a ring shape in which 
magnetic poles with a polarity different from that of the magnetic poles directed to the 
above-mentioned target of the above-mentioned first magnet part are directed to the 
above-mentioned substrate side is arranged on the back face of the above-mentioned substrate. 

5. The sputtering apparatus of any of Claims 1-4, characterized by the fact that an 
ionization means for ionizing the sputter particles ejected from the above-mentioned target is 
installed. 

6. The sputtering apparatus of any of Claims 1-5, characterized by the fact that the 
distance between the above-mentioned target and the above-mentioned substrate is 100 mm or 
more. 

Detailed explanation of the invention 
[0001] 

Technical field of the invention 

The present invention pertains to a sputtering apparatus. In particular, it pertains to a 
sputtering device that can control the flight direction of sputtering particles 
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[0002] 
Prior art 

In the semiconductor technology field, the storage capacity of a DRAM has increased 
from 64 M to 256 Mbit, and along with the high densification of electric elements formed in 
semiconductors, fine holes installed in thin films on the surface of a semiconductor substrate 
have a high aspect ratio. 

[0003] 

In order to form a thin film on the surface of a semiconductor substrate, a sputtering 
apparatus shown by 100 in Figure 1 1 has been used, and fine holes are filled with an 
electroconductive material by a thin film such as a thin titanium film or a thin aluminum alloy 

[0004] 

The sputtering apparatus 100 has a vacuum tank 117 constituted so that it can be 
vacuum-exhausted, and a backing plate 1 16 is disposed at the floor in the vacuum tank 1 17, and 
a target 106 formed of a thin film material is fixed onto the backing plate 116. 

[0005] 

In the vicinity of the ceiling of the vacuum tank 1 17, a substrate 105 to be film-formed 
can be disposed parallel with the target 106, while a direct-current power supply 121 and a 
high-frequency power supply 122 are arranged outside the vacuum tank 1 17. The backing plate 
1 16 is connected to direct-current power supply 121 and the high-frequency power supply 122 
via a low-pass filter 125 [sic; 124] and a matching box 125, and a voltage can be applied between 
the vacuum tank 1 17 placed at ground potential and the target 106 on the backing plate 1 16. 

[0006] 

A magnetron magnet 107 fixed to a yoke 109 is disposed on the back face of the backing 
plate 1 1 6. The magnetron magnet 107 is constituted by arranging several unit magnets 108 with 
dimensions of 10 x 20 x 20 mm as shown in Figure 12(b), and in first magnet part 107i installed 
in a ring shape on the backing plate 1 16, 42 pieces of unit magnets 108 are used. In a second 
magnet part 1072 installed in a ring shape inside the first magnet part 107i, 24 pieces of unit 
magnets 108 are used (Figure 12(a)). 
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[0007] 

In the unit magnets 108 constituting the first magnet part 107i, magnetic poles (N poles) 
with the same polarity are directed to the backing plate 109, and in the unit magnets 108 
constituting the second magnet part 1072, magnetic poles (S poles) with a polarity different from 
that of the first magnet part 107i are directed to the backing plate 109, and the lines of magnetic 
force generated from the N poles of the first magnet part 107i are constituted so that they form a 
tunnel of lines 1 12 of magnetic force on the surface of the target 106 and can be introduced into 
the S pole of the second magnet part 1072. 

[0008] 

The substrate 105 is carried into the vacuum chamber 1 17 of the sputtering apparatus 
100, in which the inside is set to a vacuum atmosphere. Then, if a sputtering gas is introduced by 
opening a gas intake valve 110 and the direct-current power supply 121 and the high-frequency 
power supply 122 are started, electrons e" are entangled in the tunnel-shaped lines 1 12 of 
magnetic force of the surface of the target 106, so that a high-density sputtering gas plasma is 
introduced into the surface of the target 106, thereby sputtering the target 106. 

[0009] 

In the above-mentioned magnetron magnets 1 07, in order to strengthen the tunnel-shaped 
lines 112 of magnetic force, the magnetic strength of the first magnet part 107i and the magnetic 
strength of the second magnet part 1072 are preferably close, and in the above-mentioned first 
magnet part 107i and second magnet part 1072, the ratio of the magnetic strength is 42:24' 
(1 .75: 1) of the ratio of the number of unit magnets 108, which is a value close to 1:1. 

[0010] 

However, in a conventional sputtering apparatus 1 00, the flight direction of the sputtering 
particles ejected from the surface of the target 106 varies over a wide range as shown by the 
arrowheads, and sputtering particles in flight from various directions are incident on the surface 
of the substrate 105. 

[0011] 

If holes with a high aspect ratio are formed in the entire surface of the substrate 105, 
sputtering particles from various directions are uniformly incident on a hole 131 positioned in the 
vicinity of the substrate center as shown in Figure 13. However, sputtering particles from the 
direction in which the target 106 does not exist are not incident on a hole 132 positioned at the 
periphery of the substrate, and the incidence direction is biased. 
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[0012] 

For this reason, the thickness of a thin film being formed on the bottom face of the hole 
13 1 at the central position is uniform, however the thickness of a thin film 135 being formed on 
the bottom face of the hole 132 at the peripheral position is thick in the outer peripheral direction 
and thin in the inner peripheral direction, so that connection inferiorities are caused, resulting in 
problems, 

[0013] 

On the other hand, in holes 131 and 132 at any position, since the angle of incidence 
range is large and sputtering particles with a small angle of incidence as well as sputtering 
particles incident from the vertical direction are also in flight, sputtering particles with a small 
angle of incidence are attached to the opening part of each hole 131 and 132, and overhang is 
easily formed, so that the holes 131 and 132 cannot be filled with the thin film. 

[0014] 

In the future, it is thought that substrates will be made larger in diameter and holes will 
have a higher aspect ratio, so bias of the film thickness at the hole bottom face and overhang of 
the opening part will become significant problems. 

[0015] 

For sputtering particles with a small angle of incidence, in the prior art, a mesh filter 
called a collimator has been used, or a bias has been applied to the substrate, so that only vertical 
sputtering particles are incident on the substrate. 

[0016] 

In the collimator method, the collimator is disposed between a target and a substrate, 
sputtering particles ejected in an oblique direction from the target are attached to the mesh in the 
collimator, and only sputtering particles ejected in the vertical direction from the target are 
passed through the mesh and incident on the substrate. However, if the sputtering particles 
attached to the collimator peel off, they become dust, so that the number of inferior products is 
increased. 



[0017] 

On the other hand, in the substrate bias method, a direct current or an alternating-current 
bias is applied to a substrate, ionized sputtering particles are accelerated in the substrate direction 
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by an electric field, and the angle of incidence on the substrate is increased. However, damage to 
the substrate is large, so application of this method to actual products is questionable. 

[0018] 

Problems to be solved by the invention 

The present invention has been formulated to solve the disadvantages of the 
above-mentioned prior art, and its objective is to provide a technique that can provide a bias-free 
thin film on the bottom face of holes with a high aspect ratio, without causing overhang. 

[0019] 

Means to solve the problems 

In order to solve the above-mentioned problems, the invention of Claim 1 is characterized 
by the fact that in a sputtering apparatus that has a vacuum tank, a target disposed in said vacuum 
tank, and magnetron magnets arranged on the back face of said target and can form a thin film on 
the surface of a substrate by disposing the substrate over the target so that they may be opposite 
each other and sputtering the target, the magnetron magnets have first magnet part with a ring 
shape and a second magnet part disposed in the vicinity of the center of the first magnet part; in 
the first magnet part and the second magnet part, magnetic poles with mutually different 
polarities are directed to the target; and the magnetic force of the first magnet part is twice or |^ 
more as strong as the magnetic force of the second magnet part. 

[0020] 

In the sputtering apparatus with such a constitution, the lines of magnetic force being 
formed by the first magnet part arrive at the substrate, and electrons generated in the vicinity of 
the target surface are moved in the substrate direction while being wound on the lines of 
magnetic force, so that an electron flow is formed. Thereby, since the sputtering particles with 
positive electric charge among the sputtering particles are attracted to the electron flow and 
accelerated in the substrate direction, the angle of incidence on the substrate is increased. 
Therefore, overhang does not readily form at the opening part of fine holes installed in the 
substrate, and the thickness of thin films formed on the hole bottom faces becomes uniform. 

[0021] 

Also, the strength ratio of the magnetic force of the first magnet part to the second magnet 
part is effectively twice or more, preferably three times or more. 
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[0022] 

In the sputtering apparatus of Claim 1 , with the invention of Claim 2, if a third magnet 
part with a ring shape in which magnetic poles with a polarity different from that of the magnetic 
poles of the above-mentioned first magnet part directed to the above-mentioned target are 
arranged on the back face of the above-mentioned substrate, the first magnet part and the third 
magnet part are connected by the lines of magnetic force, and the density of the lines of magnetic 
force around the substrate is raised, and the electron flow is also strengthened. Thus, the 
sputtering particles are incident at an angle closer to vertical on peripheral part of the substrate. 

[0023] 

Also, in the sputtering apparatus of Claim 1 or 2, with the invention of Claim 3, if a coil 
is wound around a path in which sputtering particles ejected from the above-mentioned target 
arrive at the substrate and a direct current is sent to said coil, since the strength of the lines of 
magnetic force being formed by the first magnet part can be strengthened by sending current to 
the coil, the density of the lines of magnetic force penetrating through the target and the substrate 
is raised, so that the angle of incidence of many more sputtering particles incident on the 
substrate can be increased. In this case, since the strength of the lines of magnetic force can be 
changed by controlling the amount of current sent to the coil, the angle of incidence of the 
sputtering particles incident on the substrate is changed in accordance with the kind of target 
material and the aspect ratio of the fine holes, and a thin film can be formed under optimum 
conditions. 

[0024] 

Also, with the invention of Claim 4, in a sputtering apparatus that has a vacuum tank, a 
target disposed in said vacuum tank, and magnetron magnets arranged on the back face of said 
target and can form a thin film on the surface of a substrate by disposing the substrate over the 
target so that they are opposite each other and sputtering the target, the magnetron magnets have 
a first magnet part with a ring shape and a second magnet part disposed in the vicinity of the 
center of the first magnet part. In the first magnet part and the second magnet part, magnetic 
poles with mutually different polarities are directed to the target, and a third magnet part with a 
ring shape in which magnetic poles with a polarity different from that of the magnetic poles 
directed to the target of the first magnet part are directed to the substrate side is arranged on the 
back face of the substrate. In this case, similar effects are also obtained. 
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[0025] 

In the sputtering apparatus of any of the above-mentioned Claims 1-4, since only the 
sputtering particles with electric charge exhibit an increase in the angle of incidence, if an 
ionization means for ionizing the sputter particles ejected from the target is installed, as in the 
invention of Claim 5, it is more effective. 

[0026] 

Also, in order to increase the angle of incidence of the sputtering particles incident on the 
substrate, it is effective for the substrate and the target not to be close to each other. Specifically, 
with the invention of Claim 6, the distance between the target and the substrate is preferably set 
to be 100 mm or more. However, if the distance is too remote, the thin film formation rate is 
lowered, so a distance of about 300 mm is considered as a limit in terms of practicality. 

[0027] 

Embodiments of the invention 

1 of Figure 1 is the sputtering apparatus of a first example of the present invention and it 
has a vacuum tank 17 constituted so that it can be vacuum-exhausted by a vacuum pump which 
is not shown in the figure. 

[0028] 

The vacuum tank 17 is placed at ground potential, and a backing plate 16 is disposed in 
an electrically insulated state from the vacuum tank 17 on the floor of its inside. A target 6 
formed of metal titanium (Ti) is fixed to the surface of the backing plate 16, and magnetron 
magnets 7 fixed to a yoke 9 are arranged on the back face. 

[0029] 

At the ceiling of the vacuum chamber 17, a substrate 5 (silicon wafer) is held parallel 
with the target 6, and the inside of the vacuum tank 1 7 is put in a vacuum state. Then, if a 
sputtering gas is introduced by opening a gas intake valve 10 and a direct-current power supply 
21 and a high-frequency power supply 22 arranged outside the vacuum tank 17 are started, a 
voltage in which a high-frequency voltage overlaps a direct-current bias voltage (negative 
voltage) is applied to the backing plate 16 via a low-pass filter 24 and a matching box 25, and a 
sputtering gas plasma is generated on the surface of the target 6, so that the surface of the target 6 
is sputtered. 
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[0030] 

The magnetron magnets 7 have first magnet part 1\ in which 42 pieces of unit magnets 8 
(the same as the unit magnets 108 shown in Figure 12(b)) with dimensions of 10 x 20 x 20 mm 
and a second magnet part li in which 7 pieces of unit magnets 8 are arranged in the vicinity of 
the center inside the first magnet 1\ (Figure 2). Magnetic poles with different polarities for unit 
magnets 8 in the first magnet part 7i and for the unit magnets 8 in the second magnet part li are 
directed to the backing plate 9. 

[0031] 

The ratio of the magnetic force strength of the first magnet part 1 07 1 positioned at the . 
outer periphery and the second magnet part 1072 positioned inside the first magnet part is 42:7 / 
(6:1) which is the ratio of the number of unit magnets 8, so the magnetic force strength of the I 
first magnet part 7i is increased. 

[0032] 

Here, N poles in the first magnet part 1\ are directed to the backing plate 16, and S poles 
in the second magnet part li are directed to the backing plate. Of the lines of magnetic force 
generated from the N poles of the first magnet part 7i, part of the lines 12 of magnetic force form 
a tunnel on the surface of the target 6 and are introduced into the S poles of the second magnet 
part 72. However, essentially all of the remaining lines 1 1 of magnetic force which cannot be 
introduced into the S poles of the second magnet part 72 are expanded, arrive at the substrate 5, 
pass through the substrate 5, draw a large loop, and are introduced into the S poles of the first 
magnet part 7i itself. 

[0033] 

Therefore, among electrons e' generated on the surface of the target 6, electrons wound on 
the lines 12 of magnetic force, which form a tunnel, generate a high-density plasma in the 
vicinity of the surface of the target 6, while electrons wound on the lines 1 1 of magnetic force in 
the direction of the substrate 5 are repelled by the target 6 which is direct current-biased to a 
negative potential, pressed against the substrate 5 by electrostatic repulsion, and become an 
electron flow to the substrate 5 from the target 6. 

[0034] 

Under such a situation, among the sputtering particles ejected from the surface of the 
target 6, sputtering particles (Ti + ) with positive electric charge are drawn near the electron flow 
toward the substrate 5 and accelerated in the direction of the substrate 5. Among neutral 
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sputtering particles (Ti), some neutral sputtering particles receive positive electric charges from 
sputtering gas ions (inert gas ions with positive electric charge such as Ar + ) by the j\ f-^ffSf ^ 

high-frequency voltage applied to the target 6 via the backing plate 1 6. They are accelerated in /^/a* ^ 
the direction of the substrate 5 by receiving positive electric charge. 

[0035] 

Since the lines 1 1 of magnetic force extended in the direction of the substrate 5 from the 
first magnet part 7i penetrate approximately vertically through the substrate 5 and the sputtering 
particles with positive electric charge are accelerated in the direction along the lines 1 1 of 
magnetic force, the angle of incidence of the sputtering particles (Ti + and Ti) incident on the 
substrate 5 is increased, so that overhang does not readily occur in fine holes installed in the 
substrate 5 and bias in the thickness of the films being formed in the hole bottom faces is 
reduced. ^ 

fa* <*t*' 

[0036] 

Next, the sputtering apparatus of a second example of the present invention will be 
explained. 2 of Figure 3 is the sputtering apparatus, and third magnet part 37 fixed onto a yoke 
36 is installed at back face positions of the substrate 5 in the above-mentioned sputtering 
apparatus 1 . In the sputtering apparatus 2, the same symbols are given to the same parts as those 
of the sputtering apparatus 1 , and their explanation is omitted. 

[0037] 

In the third magnet part 37, 20 pieces of unit magnets 8 are used, and in each unit magnet 
8, the magnetic pole (S pole) with a polarity of mutual attraction to the first magnet part 7i is 
directed to the substrate, and the magnetic pole (N pole) with a polarity of repulsion is disposed 
toward the yoke 38 [sic; 36]. In this example, the unit magnets 8 are not arranged at the central 
part of the third magnet part 37, and lines 1 3 of magnetic force generated from the N pole parts to 
the center of the yoke 36 are leaked to the substrate 5 and introduced into the S poles of the third 
magnet part 37. 

[0038] 

If the third magnet part 37 is arranged on the back face of the substrate 5, the lines 1 1 of 
magnetic force, which are generated from the first magnet part 7i arranged on the back face of 
the target 6 and toward the direction of the substrate 5, penetrate into the substrate 5 and are 
introduced into the S poles of the third magnet part 37. Therefore, the density of the lines 1 1 of 
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magnetic force for connecting the target 6 and the substrate 5 is sparse in the vicinity of the 
center of the substrate 5 and dense in the vicinity of the periphery. 

[0039] 

Thin titanium films were formed by the sputtering apparatus 2 and the sputtering 
apparatus 1 shown in Figure 1, and the distribution of thin film formation rate in each substrate 
surface was measured. The distance between the substrate and the target was 170 mm. 

[0040] 

The results are shown along with the case of conventional sputtering apparatus 100 by the 
graph of Figure 7. The abscissa of the graph indicates the position in the substrate surface 
wherein the center position of the substrate is zero, and the ordinate indicates the formation rate 
(A/sec-kW) of the thin titanium films per 1 kW input power. 

[0041] 

The graph that connects the plot of As is the result of the conventional sputtering 
apparatus 100, the graph that connects the plot of *s is the result of the sputtering apparatus 1, 
and the graph that connects the plot of Os is the result of the sputtering apparatus 2. 

[0042] 

In the conventional sputtering apparatus 100, since the sputtering particles are incident on 
the substrate surface from various directions, the formation rate distribution in the substrate 
surface has a mountain shape in which the rate is high at the center and low at the periphery. 
With such a rate distribution, overhang readily occurs in fine hole opening parts, and bias of thin 
titanium films of bottom faces readily occurs in peripheral holes. 

[0043] 

In the sputtering apparatus 1, the rate distribution in the substrate surface has an M shape, 
and in the sputtering apparatus 2, the rate distribution has a W shape. In any case, the angle of 
incidence of the sputtering particles incident on the substrate surface is increased, overhang does 
not readily occur, and bias of film thickness of bottom faces also does not readily occur. 

[0044] 

Next, the strength ratio of the magnetic force of the first magnet part 7i and the second 
magnet part li of the magnetron magnets 7 arranged on the back face of the target 6 was set to 
about the same value (about 1.75:1) as that of the conventional sputtering apparatus 100, and the 
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third magnet part 37 (150 mm in diameter) used in the above-mentioned sputtering apparatus 2 
was arranged on the back face of the substrate, so that a sputtering apparatus was constituted (not 
shown in a figure). The thickness distribution of the thin titanium film in the substrate surface 
was measured. 

[0045] 

At that time, as the thin film formation conditions, the diameter of the titanium target was 
400 mm (12 mm in thickness), the distance between the target and the substrate was 165 mm, the 
distance from the magnets arranged on the back face of the target to the target surface was 
38 mm, the rotation speed of the first and second magnet part 7i and li was 40 rpm, the amount 
of sputtering gas (argon gas) flow was 14 seem, the sputtering pressure was 1.1 x 10" 1 Pa, and the 
input power was 8 kW. 

[0046] 

The results are shown by a graph that connects the plot of Os of Figure 8. In the 
conventional sputtering apparatus 100, a thin titanium film was formed under the 
above-mentioned conditions, and the film thickness distribution in the surface was measured. 
The results of the conventional technique are shown by a graph that connects the plot of •s. 

[0047] 

If the third magnet part 37 is arranged on the back face of the substrate, the film thickness 
distribution exhibits an M shape, and the incidence direction of the sputtering particles can be 
controlled. However, in the conventional sputtering apparatus 100, the film thickness distribution 
exhibits a mountain shape, and it is clear that sputtering particles with a small angle of incidence 
are present. 

[0048] 

Also, if the third magnet part 37 is arranged on the back face of the substrate, the 
deposition rate is 104.3 nm/min, while in the conventional sputtering apparatus 100, the 
deposition rate is 88.4 nm/min. Thus, when third magnet part 37 is used, the deposition rate is 
superior. 

[0049] 

Similarly, using the sputtering apparatus in which the third magnet part 37 is arranged on 
the back face of the substrate and the conventional sputtering apparatus 100, sputtering was 
carried out while changing the formation conditions of a thin titanium film. Among the 
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above-mentioned formation conditions, the distance between the target and the substrate was 
changed to 170 mm, the amount of sputtering gas (argon gas) flow was changed to 40-50 seem, 
and the sputtering pressure was changed to about 3.0 x 10" 1 Pa. The formation time of the thin 
titanium film was 180 sec. The arrangement of the third magnet part 37 is shown in Figure 4. In 
the third magnet part, 37 pieces of unit magnets 8 are arranged in the vicinity of the edge of the 
circular yoke 36. 

[0050] 

The measurement results of the film thickness distribution are shown in a graph of 
Figure 9. When the third magnet part 37 was used (plot of Os), the deposition rate was 
160.5 nm/min, and the film thickness distribution was 17.3%. In the conventional sputtering 
apparatus 100 (plot of •s), the deposition rate was 162.2 nm/min, and the film thickness 
distribution was 35.9%. When the third magnet part 37 is used, it can be understood that if the 
distance between the substrate and the target is increased, the film thickness distribution can be 
further improved. 

[0051] 

Next, 3 of Figure 5 shows the sputtering apparatus of a third example of the present 
invention. In the sputtering apparatus 3, a coil 40 is installed in the vacuum tank 17 of the 
sputtering apparatus 2 shown in Figure 3. The coil 40 is constituted by a conducting wire wound 
around a path in which the sputtering particles arrive at the substrate 5 from the target 6 in the 
vacuum tank 17, and its two ends are connected to a direct-current power supply 41 disposed 
outside the vacuum tank 17, so that a direct current is sent at a desired amount of electrification. 



[0052] 

In the sputtering apparatus 3, the magnetic force strength ratio of the first magnet part 1\ 
to the second magnet part li arranged on the back face of the target 6 is 6: 1 . Also, the N poles of 
the first magnet part 7i and the S poles of the second magnet part 72 are directed to the target 6, 
and the S poles of the third magnet part 37 are directed to the substrate 5. The lines of magnetic 
force generated from the first magnet part 7i penetrate through the target 6 and the substrate 5 
and are introduced into the S poles of the third magnet part 37. 

[0053] 

In the sputtering apparatus 3 with such a constitution, if direct current is sent to the 
coil 40 with lines of magnetic force with the same direction as the direction of the lines of 
magnetic force which are generated from the first magnet part 7i and introduced into the third 
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magnet part 37, the density of the lines of magnetic force which connect the target 6 and the 
substrate 5 can be raised. 

[0054] 

Using the sputtering apparatus 3, the distance between the target and the substrate was set 
at 170 mm, the distance from the magnetron magnets 7 of the back face of the target 6 to the 
surface of the target 6 was set at 20 mm, the input power was set at 6 kW, and the sputtering gas 
(argon gas) pressure was set at 0.4 Pa. Thin titanium films were formed while changing the 
magnetic field strength to various values by controlling the amount of current sent to the coil 40. 

[0055] 

When thin titanium films are formed by different magnetic field strengths, the 
relationship between the formation rate and the position in the substrate surface is shown in a 
graph of Figure 10. The graph that connects the plot of *s shows the case where no current is 
sent to the coil 40 (0 Gauss), the graph that connects the plot of Ds shows the case where lines of 
magnetic force of 44 Gauss are generated, and the graph that connect the plot of As shows the 
case where lines of magnetic force of 1 10 Gauss are generated. It is clear that the formation rate 
distribution of thin titanium films in the substrate surface can be controlled by controlling the 
magnetic field strength. 

[0056] 

The coil 40 can generate lines of magnetic force in the same direction as that of the lines 
of magnetic force formed between the first magnet part 7 1 of the magnetron magnets 7 arranged 
on the back face of the target 6 and the third magnet part 37 arranged on the back face of the 
substrate 5, and they are not necessarily arranged in the vacuum tank 17 but may also be wound 
on the vacuum tank 17. t 

[0057] 

Also, with the sputtering apparatus of a fourth example of the present invention shown by 
4 of Figure 6, the film thickness controllability can be further raised by combining the coil 40 and 
the third magnet part 37. 

[0058] 

As explained above, in the sputtering apparatuses 1-4 of the present invention, since the 
angle of incidence of the sputtering particles with positive electric charge among the sputtering 
particles incident on the substrate is increased, the ionization rate of the sputtering particles is 
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increased. In the above-mentioned sputtering apparatuses 1-4, the ionization of the sputtering 
particles has been accelerated by applying a high-frequency voltage to the target 6 through the 
high-frequency power supply 22, however other ionization acceleration means may also be used. 
For example, it is also effective for the strength of the lines of magnetic force formed parallel 
with the surface of the target 6 to be set to a strong magnetic field of 400 Gauss or more. Also, 
various ionization acceleration means such as arrangements of high-frequency coil can be used. 

[0059] 

The above-mentioned examples are cases where thin titanium films are formed, however 
the present invention can be broadly applied to various thin films such as thin titanium nitride 
films in addition to metallic thin films such as thin copper films and thin tungsten films 

[0060] 

Effect of the invention 

Thin films can be formed in which overhang is not caused at the opening parts of fine 
holes in the substrate and no bias is caused in bottom faces of holes with a high aspect ratio. The 
film thickness distribution in the substrate surface and the film formation rate distribution can be 
controlled. 

Brief description of the figures 

Figure 1 is an illustrative diagram showing the sputtering apparatus of a first example of 
the present invention. 

Figure 2 is an illustrative diagram showing an example of magnets arranged on the back 
face of a target of the sputtering apparatus. 

Figure 3 is an illustrative diagram showing the sputtering apparatus of a second example 
of the present invention. 

Figure 4 is an illustrative diagram showing an example of magnets arranged on the back 
face of a substrate of the sputtering apparatus. 

Figure 5 is an illustrative diagram showing the sputtering apparatus of a third example of 
the present invention. 

Figure 6 is an illustrative diagram showing the sputtering apparatus of a fourth example 
of the present invention. 

Figure 7 is a graph showing an in-plane distribution of the formation rate of thin titanium 
films when the second example of the present invention is used. 

Figure 8 is a graph showing an example of the film thickness distribution of thin titanium 
films when magnets are arranged on the back face of the substrate. 



Figure 9 is a graph showing another example of the film thickness distribution of thin 
titanium films when magnets are arranged on the back face of the substrate. 

Figure 10 is a graph showing an in-plane distribution of the formation rate of thin 
titanium films when the third example of the present invention is used. 

Figure 1 1 is an illustrative diagram showing a conventional sputtering apparatus. 

Figure 12(a) is an illustrative diagram showing magnets arranged on the back face of a 
target of the conventional sputtering apparatus, and (b) is an illustrative diagram showing a unit 
magnet. 

Figure 13 is an illustrative diagram showing the bias of thin films in holes with the 
conventional sputtering apparatus. 

Explanation of numerals: 

1,2,3 Sputtering apparatuses 

5 Substrate 

6 Target 

7 Magnetron magnet 
7] First magnet part 
li Second magnet part 
1 7 Vacuum tank 

37 Third magnet part 
40 Coil 
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Figure 7 

Key: 1 Thin titanium film formation rate 

2 Position in the substrate surface 

3 Sputtering apparatus 100 

4 Sputtering apparatus 1 

5 Sputtering apparatus 2 
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Figure 8 

Key: 1 Thickness of thin titanium films 

2 Position in the substrate surface 

3 Without magnets at the back face of the substrate 

4 With magnets at the back face of the substrate 
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Figure 9 

Key: 1 Thickness of thin titanium films 

2 Position in the substrate surface 

3 Without magnets at the back face of the substrate 

4 With magnets at the back face of the substrate 




Figure 10 



Formation rate 
Position in the substrate 




Figure 1 1 




Figure 13 



ma*®mfr (jp) 



< 12 > & ^ 11= ^ ^ ^) 



(1 



#ffi¥10- 152774 

(43)^0 ¥^10^(1998)6^9 0 



(SOlntCl.' 
C2 3C 14/35 
H 0 1 L 21/203 
21/285 



F I 

C 2 3 C 14/35 
HOIL 21/203 
21/285 



C 
S 

s 



(21)tfjK#^ 


ftB¥8 -326171 


<71)tfiKA 


000231464 










(22)fMB 


^8^(1996)11^210 




















#&m^*0$m#H25OO#ife 0#*£ 














<72)89J# 


mm w 














































mm a 













(54) mw<D%m x/t«;^>j>^e 




tm# 1 3 nmi . im£WMznmzti?z?- 
y y h t . m-y*y hcommtzmmzntz^?* hp 

m^-y-y hJc^mmm^WMLxm^-y -y h 

$>£o Izm&ZtitzArty 9 y y/im^t, 

^^h2^xm<tchXo\,z^fix\^z\tmw. 

wmmtikz. t mmt -rmmn i tmcoArty 
in$m3] mi?-yv hfrhm/ftitzArty? 

y-yhfc. m?-yvhcvmmizmw.$ti?z-?7'*hv 
m&-y>v htizmmzttft^Lx mz?-y * b 

mB~?7*hu>mGlZ. VyfmzZtitzmKVWG 

frtBmi^^spfcBuie^2<7)aMt{i. s^t^sr 

a^iE^-y-y ht|6l(t^n^«ffii:l»&ffitt<0ffi 

v y^m-z-i * wt-r * a * ymwm^hfitz z 
men Art? ?yy y-mm, 

imtm ) mi?-y>v vtmzmLteMmt 1 
o o m m vxliz mxm i jbma 

ii5oi« i jfiSKo^^-y * v y?$m.. 

C0001] 



( 2 ) 1 0-1 52774 



r & 5 ^ * *y 9 i j yymmzm? & . 

[0002] 

m&mm ^m^mmxa. dramcoim 

[0003] ^ttS«f*ffi£S^m«fctf>fc: 
ti. ft* JO, Hi l*>J»l OOT'^Urx^y^y 

yy&wtfm^htixm . ^fymm^rfr^&m 
mmm£&~>T. m^-t^mmmmxm. 

#>&tsZ}:tf?fbtLX^&. 
[0004] ZcOArty?y>?mW:10 0&. Mmfc 
mmiZffi&LZtitzMQmi l 7£#LTfc9. ^<n% 
£»1 1 7rt^J»«tttA-y^y^U-M 1 6tf 

nmzti. rt- y *y?Tu-hi 1 6±K«i, amm 

[0005] 1 1 7 tfD^##i£t:Ji % mm^x 

$>hmmio5£, ?-yvhio6t¥'nirzttfonm 
TZhXoitzffi&ztixti*), Mmgi 1 7mz 
(±, MMl 2 1 h^ms 1 2 2tmmzti. 

>y*y?yU-hl 1 U-rtA? A)V?- \ 2 5 

fcVvf^y^Xl 2 5fc^LTlffi®Sl 2 1 

tmmMM\2 2b\ t z^MtLtm^fixm. m& 
mmzmfrtitzn^mi 1 itrty^yrrxs-vi 1 

6±0^-^'-y b 1 0 6 1 <nT^z%HL%d$fliX*% 

[0006] A'.y^y/rv-M i 6tOSM^ii. 3 
-^109 tiSi^^ii^v^^ h o ymfi 1 0 7 *<@Hg 
3ivO>$. v^hDyi^i 0 7tt. ai2(b)i: 
1 0x2 0X20mm^§?£7)#fia5 

1 08SraiRSBU"c««$n.rt5 , 3. ^7#vm 
-h 1 1 6±.xvyymzmit>tifzmicomfi%\ o 
7i-cti. #&m£io8*M2fflffli^*rcfc>K 

fc»2tf5«5ail0 7 8 tni. -M[i&510 8(i2 4ffl 
ffll^ilt^(il2(a)). 
[000 7 3 SSI 07, *»«^-«>#ffiffl?H 

10 9C(pl(t^T*JO. »2^a5»1 0 7 2 ^fflJS 
tSM5 1 0 8«i, » 1 OTCSP 1 0 7 , fc (»=St 

htixto*)* »i<oaftasio7,^Nw»i!>ajfcmj 

S(i^-y-y h 1 0 6^fflfcW3»l 1 2C0hW^^ 
®*Lfcft. JS2<0ffiffiail 0 7,OSffi(CXSJ:9(C 

[0008] ZCD£o%:Arty?yy7*&UlQ0(Om 
Sffll 17f^tcS^10 5^^At. 
LVd^ XT^A^ri l o$-^trxy\'y^»jyi/ 



( 3 ) ftffl¥ 1 0-1 52774 



#*£#au ramm 2 1 tmmmnMi 22tz 

&1 1 2izm^e-i3^tK>. f-y7M0 6» 

[0 0 09] mftWz-?7*hv>mfil 0 7Tti, h 

^gpi 0 7 1 ^a^^tm2^iS^l 0 7 2 c?)a^ 

Ml^S5^107 1 ^2^Ml 0 7 2 tt 
ti, ^S^&^im, Mil 0 8£0MJt^4 
2:24(1.75:1)4:. 1: 1 fcififtUfcffifcSft 

[ooio] l^l^*^^»av\ b 7 ^ y y^g 

SI 0 OTii. ^-y v h 1 0 6£Sffi^£»tfaiLfc* 

HttktaroTfeo. «i os^ffifcji. s^^fi 
[ooii] t<r^\ itio5»iwn 

^ifii*^^^ >y ? y yyn^tfmttexm-h t>\ 
gMnfmi<zti!sa.?&x-)i> 1 3 2xu. 9~y v v 1 

0 6<A#£U*v>;frft^li;*/^ * 'J y^WteASf 
[0012] *£ftgO*-/H 3 llfflK 

-;n 3 2<7)imi,zmf£$timm 3 scon/m. ?h 

[ 0 0 1 3 ] ^iKDtm^-fr 13 1, 13 

•y?yy^^»LT #*-;n 31, 
1 3 2 ^iaaas*(cAStft^h$ y * y y?m- 

K 1 32rt£3K£JoTa«r££Vv©£k£t<& 

[0014] mim^umtt. *-M±m 

[0 0 15] ^£9$:, A^^^UA'y^yy 

[0016] uy^-^-^ii. ?-7»/Vtmu<7M 

^U:XA*7 * y y^fjn'j^-^^ -y ^ 



icft^s*, 9-f y vfrt>m$wzmf&vk.w 

[0017] fefir. TXSHi. SKtriggSXIi 

ass^ t^£Mju ^ * wkUrx^y * y y^?i 
A£vv», lag^jMcamt-sifciigRittSitr 

[0018] 
[00 1 9] 

ipiies t t 7 b ? * y y ^-r s t mmm 

t:liMt^J:3M^:XA' 7 ^ y 
nx-h-oX, *(&v^*hny«ffitt, yy/^tc^ix 
fcSloSBffiSIi:, ^lOM^^ifiCffil^ 
^2cOTOSh$rWL. ^l^E5SPtm20^5^ 

[ 0 0 2 0 ] zcox 0 Kffi&cvA^v 9 y >?mwx 
t\ XM s . y ^yy^^£0^*>, JEm^-th ^<r> 

tK n?mzm^w&tixmz.i3fot l ztm2ti&<7) 
x\ m^<^Mm^i)^<ti:h. not, mmzWi 
v^ntzffim%*-fi<comnmzte*-s<-s\>iytfB 

[002 1 3 ^rfc, w,KmBUtw,2omautom 
±iz*t & zttfmtu\ 

[0022] znmtm 1 tm^x^-y 9 y y^mmx- 
tmm2tm<o%w<o£ot,z. mmrnmiz. 

mizmhtitimwwBZtiimx&Kt. mico® 
^tm3<DWfiuttfmxmx'mti. wmmn 



(4) 



®ffl¥ 10-152774 



[00233 ftmixiimtm2w*ftifri 
fci»f & z t rssfts £ t tfvzwc. 7 h 

v\ «&^AITf&x;^yym^AtfftJg££ 

y*y bjctzmmzftfotimiTf-yv * y 

mtw,2<m&mt\±. m^zm^m^comm^- 
¥vhtzitm$>ti* mLrtsmw^ vy^mzzti, 
&i<?m6&0>?-yv hizfavhntzmmimm 
ft<Dmmbmmzm^htzm3<DmEmmmiix 

[oo25] w±mwuzm%rnijbm.m%mv>^'f 

[ 0 0 2 6 ] £i> . X) y ^ y y^*0ffl$L*J)7Jft 

aus^isajej&HfiT'tft^T. ^M±fi, 300m 

[00 27] 

[^wnit^® j m i <t)^ i *mwm i w 
[0028] w^ft i nx77iyyvmmzm>hT& 



A'7Jr>m-M 6coa®Wi. £S**y 

(TD^rits^-y-yhe^ia^iirtj*). lost 

[0029] 7W55#ffl(Ctt, *-y«yh6C 

^UTWt^5(^yr7V^ x ^_)^^^ T 

13 0. M£ff 1 7rt«2*BBCLfcflL #XgA'<^ 
71 0*rB8(tr^-y^yy^x^HAL. 

7^tEssn>tEaMB2 i *:sramg2 2tzm 

**3&£U ?-^7 K6^ffi#X^7?yy^£iU>. 
[0030] .I^v^huy&^ii. 10X20X 
2 0mmcDAi'£caMii&68(@l 2(b)fcjSLfcflF 
-^108 <7)%L{mz b PI b t co) # 4 2 {I y y izm 

m i <msw> 7 ! nnmm& &t%2 <rm&u 7 2 ftco 

&®mG s t vim* h W&fnffl&fr < 7 ^ y?rv- 

[003 1 ] »tC{iS^micOM^l 0 7ji:^ 

itti. #{i^58c0MIStJtO4 2 : 7(6 : DC^oT 
13 0. »l<OTO^7 l O^«a33W3&^:&<S#iT 

[0032] .i^Tii, m<m&U7 xxn^mK 

m2^m^7 2 T1iS^<7^>^rU-M 6H 

wmo-h. -u<r)mm\ 2a, ^-y 7 h6^HT- 

hy^Sr^O. ^2«^7 z cos«gtcA-&^\ 8 
6#£0>BdJiftl lttSS2W»e8|S7 2 ^S«CA5i 

[0033] ^^>T. ;-f7h6«mLfclf 
e -^3*>. by^U^^^Sm^^l 2t^^ftU 

fcfccott. ^-y7h6OT^t^^r^xv^^ 
6t%Ri. wwKtizx-oxmmsm^wi^^ti, 

[0034] ZCOX o %#U<DT. h 6&mfr 

£X/^y?yy^iT(Ti + )U:, S«5a,m»3^ 



(5) 



0-1 527 74 



h 1 6£tf-LT?-» h6f l im\\^titzmmm l Eiz 

[0035] |l«7^^1(5^« 
lii. ^m5^«E«5itTi3 0. IE€# 

mz\mw>j?%<%h, 

[ 0 0 3 6 ] act, ^0fli7)m2mxy^y ? »J y ^ 
IffltS. EI3c0^2(i:. fW 7 ^ijy^ 
gT'&O, ±^^N e -y^'Jy^^ltC*ft. S^5 
^TOOTt. 3-?3 6±CH£Uc^3c»5SB3 
7£&9fW£^T'&&, ;m^7^'J>-^l2 
towCli. ^-y^y^lgl tntmttemt 

[00373 %<?)m3<r)WftU3 lit. 2 OMcoM-im 
£8#fflv^iiT£;9. &i£&5£B8(;t 

7 l tm\^^m^mm(sm)^m.mi t zm. k 
mt m^mm < n &> £ 3 - 9 3 s flit-cisas 

u^frhWzm\m3hK mmnmrnzMSLt 

fcfk m3(?MK5ai3 7^SffiK:A4J:9Cfllia$iiT 

[00 3 8] l rc0j:d^3c7)^^3 7*^5^a 
ffifcKa3*uO*5«£fcli. h 6<s05RBSfcffi 

g£ n^m 1 ^ffi^sn 7 , ^ ajr mm 5 *m tc 
jtoaai in. aagsfcaau ^3^5^370 

[0039] ;^A t .y^ijy^l2L 
[0040] . m$m5<0Artv ? y y ^ 

[004 1 ] AOrn h 7tetfefc&ffiO 
y 9 'J 10 0, corn y h 

7<iXf?y * U y^HS 1 . 0^7*0 >y h tm/J*?? 

7tt. XA° 7 ;yy^t2«tlil> t 
[0042] tt#&flf<0XA y ? ij y ^gjff 1 0 0 -C 



*^mamz*-;<-j\y7££.t%< . ttz. m®. 
[ 0 0 4 3 ] x/iv 9 u v^&a 1 sjmf*j 

<03«K^iM*Mfc^"9, x^y^'J y^M 2 "Cli 
[0044] yet. *-y?h6gffifc:RB3ilfc'?^ 

^vuyrn^i <om\<mam im2cm^mi it 

mti<rffig&&$&k<n?J*v 9 »J y^E 1 0 0 1 ® 

fg*(l. 75: lSJft)(Ct, »XA' 7 ^'jy^ 
a2(CfflV^»30«5ai3 7(iIgl 5 0mm)W 

mesa itt^ ? u >rmm£mtiLLWF& 
[0045] .Kots^aiw^^tt, 

7hiM@4 0 0mm(J|$12mm), ^-^yb g 
raifg|fiil6 5mm, ^-y-y NSffitEa^/lfca 
53&»6^-y-y«M-C<0ffi«ltt38min, ^ 
2C0SBP5HI7,. 7 £ <7)@$K&J£t±4 0r P iT U X^'-y^ 

';y^^(r^^y^x)^i 1 4 s c cm. x^°>y 
^ V y7<m<hfch\i. 1 - lxlO^Pa, SA«Jtt 

[0046] f«$-i8O0^rn v b 
[0047] SfiSMtm30ffi^3 7 *EBLfc* 

lt^rW$iJ^T'§Tv^^\ ^c7)^N*-y^«;y^s 
1 OOfii. !M4MsiiiljfflK:=5roT4JO. JJtfito'b 

[0048] Jfirfe, £30ft533 7££tt59(c£S 
U^^tCW. flfajiSflltil 04.3 nm/m i nt* 

ti. ffiiiiaU£tt8 8. 4 nm/m i nt^l ^3« 
^37 ^l^»tt^, 
[0049] H3c«M3 7 ZWRSffizm 

nttzx^v 9 o y^mmt N ^Wj^^^y ^ u y 

^gl00^^rfflv\ 

y-y h ■ S«TOSi$' 170mm, XA' 7 ^ »J y/^x 
(r;^y^)e£l$:4 0-5 0sccm, ^ys'-y^U 
yflthzm- oxio-^atfi^ 

O^^^^ii 1 8 0 mz Lfc. H 3 ^ffiM 3 7 £0@E^ 



(6) 



1 0-1 52774 



t o o 5 o ] mmmmfeUz®%$:m90)7yyiz 

ft&mmZ 16 0. 5 n m/m i n . JKJf^tt 1 7 . 
3 MtoA- 7 ^iJy^fl00^i| 
^•(•^rn-yh)ti, ffftiJi&gte 1 6 2 . 2nm/mi 
n.KJ?#ffli3 5. 9%tfcot^3«3 7 

m^m^M, s& • Masai*** <-r 

[00 51] JMc H5co^3tc. #&i#9S30l<o 

14, 03fc*LfcX^*yy^ga2<ASg« 1 7rt 
£n^;M0£t£ft£t<7)T'£>l>o ^n>f;U4 0ti. 

too 52] .r^x^y^y y^g3ti. ^-y.yh 
6 co^mzMW £ fufcv^* h o yfi&B 7 1 0>«SH 

ifc, iBi^a5ai7 I oNfttm2<^wBai 
3 7c?)s^M5ti^r&jtt^iiTfe^. gsi^K^ai 

7,)&^aj3t«(^aUi, *->Sh6fc£«5£S5ilL 
TSS3<!0ffi5SII3 7^SflitA4«J:a(c»ifi$^-CM 

[ 0 0 5 3 ] ,T ^ J; d £«J&DXH.y * 'J y ^gg 3 1 
iswc % rMn^OKffi^s^U IS INSECTS 7 
! JtPfc fflTf & 3 «S5 3 7 £A4 «*«<0|6l Ztffit 

[0054] £^x^y?y y^a3£fflv\ 

7 0mm. ?-yyb6gWT7 

0mm. &ACfj£6kW, ^^'^^(^ 
^V^X)jE^]^0. 4PaC^t 4 3-f;U40^cO 

[0055] ^^SBWSW-C^^yMKSrmUK:* 

$t£^£&^o£*§^(0Gau s sh O07*D -yh£ 
*S^i^7 7ii4 4Gaus s<oaatt£3££3-£fc*S 
£ % Ac07*U -y h ^Ltz^V 7lill0Gaussi0 

[00 5 6] nA)VA Ote. ?~trv f6S®C 
MS Mr? 7* h o >HtS 7 OSS 1 <oa5SI 7, fc. 
5 Hffltcid^ £il£JS 3 <08ffig|S 3 7 1 <oraT^JS 



&i e ii>Mmni7mzmmtix^h>£mm<, n 

£Hl 7te£B3;fiTV**t>«*)fc-grtN 
[0057] ifc. 06<^»4C3]Tl,fc*»W)S4 

[0058] feLia^tJti ate. *«ffl<ox^v^y 

y*>y ? y yrm-o^A 

Ji^xy^yy^si -4 t'ii. aJ3%S£2 2 

fcfflK ^-y-yh6tcSffl«ffi*E|t!lirr&<rtT'X 
a'7 * 'J vntfM :* Wfc£ffi«tTVXfc#, ffi<94 

*ffifc¥fift®filc3#l6a*a<03fc«i4 0 OGaus 

[0059] ±aow«. 

mmmcom. m^?>mmm<om<Dmmz&<Mm 

[0060] 

[fmmmi mMR^mffiL<7>mnmz*-^-^> 
piftki't* ttz, mTx^htt&x-^mmizm*) 

cui] *$m?m i mnx)^? $ y y ^Hfciiwf 
[@2] -e^^^y^yy^g^^-yvhracsd 
[03 ] «0Jcom2»xyN*>y * y y^asrlftwr 
[04 j *<ox/*v 9 y y^M^«OTtcSg-ri. 
[05 ] *^0^3»xy^>y ^ y y/^s^M-t 

[06 ] 3|cifeH^<oiS4«<o^A«y ^ y yvms&mtt 

[07] »2WO*»Bj3^flav^*fr&«Of-^>'S| 
[08] SKOTtrffi^EIILJtJS^W^yafiRw 
[09] SflESffitfiBffi&ffiSLJt^W^ySlffi^ 
[01 0] WM30i^i^^f^y» 

[0i i ] mmimx^yfy y^mmtmthtz 



(7) 



Wl 0-1 52774 



i, 2, 3 ^ 7 ^>jy^i 5 mm 

7 v^fo > 7 1 mi <?>mEm 

it w,2<m&u 

17 37 memzw* 4 0- 




[02] 



9 7, 



25 22 




[03] 



37 36 37 




ft 
7, 9 7 2 



25 22 




(8) 



10-152774 




[®7] 




-80 -60 -40 -20 0 20 40 60 80 



[01 2] 



(a) 




(t>) 



(9) 



10-1527 



[138] 



[®9] 



[ 6000 



5000 



4000 



3000 



2000 - 




1 . 

-50 



50 



100 150 
£%i£ Pitts fan) 



' 4000 



3000 - 



2000 - 




50 



tOO 150 



mi o] 




OMM— ' 
-80 



-60 



-40 



-20 



20 



40 



60 80 




cmmm ma m 

i^miij«ffliaj»r»Ba523 b»^s 

<72>»#& *tfc # 

«millMlilljRBr«Ba523 B*H2& 



(72) ftffl A 

t?[sim^if^iaji22a-i4 b#H£J&£ 

<72)fW£ *iR ¥ 

(72) mn^ &m ®& 



